Until comparatively recently research effort into human factor problems in helicopters has been minimal in relation to that devoted to conventional fixed-wing aircraft. With the great increase in the numbers of helicopters in the defence services and the wide variety of roles in which they are used, interest in the human factor problems has increased considerably. This paper gives a brief review of some of these problems from the research and development viewpoint.
Human factor problems in helicopter operations may be grouped into four categories: environmental factors, flight safety factors, general ergonomic factors and operational factors. The latter will be dealt with elsewhere.
Environmental Factors
The three principal environmental factors giving rise to problems are noise, vibration and thermal stresses.
Noise: The problem of cockpit noise is common to most military aircraft and much of the work to improve the problem is common to fixed-wing aircraft and helicopters.
The long-term effects of noisy environments on hearing are well known and these are not the prime concern in the present context. It is the effect of noise on communication systems that is the primary threat to efficient aircraft operation. Whilst some progress can be made in reducing the noise environment, the most hopeful area lies in improvements in the noise attenuation characteristics of headgear and in improvements in the quality of communication systems themselves.
Vibration: Severe vibration environments are common during certain flight configurations in many helicopters. Again, considerable effort is now directed by the aircraft manufacturers towards reducing the generation of vibration in the aircraft structure, but, as with noise, more hopeful approaches seem to be in the design of seats and seat mountings to reduce vibration transmission to the crew and in the design and mounting of instruments and displays to reduce the effects of vibration.
Thermal stresses: Helicopters are operated over the whole range of naturally occurring thermal environments from tropical heat to the Arctic. Although helicopters do not have the severe problem of aerodynamic heating associated with high performance fixed-wing aircraft they do have increasingly complex avionic fits all generating heat within the cockpit, and they mostly have large cockpit transparencies with a consequently severe solar radiation problem. The tendency for aircrew clothing to become more complex aggravates the thermal stress problem.
Cabin conditioning systems in helicopters have never been more than rudimentary and marked improvements here are likely to be required in the near future. In some applications the use of personal conditioning systems, e.g. the watercooled suit, may be necessary.
Flight Safety Accident analysis: Accident analyses have shown that the fatality rate for British helicopters is almost 3 times as great as it is for fixed-wing aircraft. Helicopters do not have ejection seats and few carry parachutes. American data suggest that some 45% of fatalities could be avoided if some form of assisted escape were provided as in most fixed-wing aircraft. One important difficulty in providing such systems is the existence of the main rotor. However, several possible techniques have been proposed, such as sideways rocket-assisted extraction with the rotor in place or the use of vertical extraction or ejection seats coupled with measures for removing the rotor. Future helicopters might incorporate an escape capsule.
Fire prevention and general crash-worthiness: A potent area for reducing helicopter fatalities is the reduction of post-crash fires by improvements in fuel tank design and mounting. General crashworthiness might be improved by careful structural design to restrict breaking of the cabin in otherwise survivable crash impacts. Seats and harnesses: Complaints of seat comfort, poor crash-worthy characteristics of seats and poor restraint by seat harnesses have featured highly in the list of human factor problems. High priority has been given to these problems in the last few years.
Data on human tolerance to deceleration, the accelerations likely in helicopter impacts and the required strengths of crew seats and fixings have been studied and specific recommendations made for improvements. A variety of energy attenuation devices have been studied and their inclusion in seat designs will be increasingly common.
Seat harnesses are required to fulfil a number of functions which include: (1) The prevention of injuries during impact deceleration including secondary injuries caused b'y contact of the pilot with the cockpit structure. (2) They must be comfortable and adjustable and be compatible with the whole variety of movements the pilot needs to make in flying the aircraft. (3) They should be provided with a quick release facility, safe from inadvertent operation yet capable of rapid release in emergencies.
The currently recommended 5-point harness, with two over-the-shoulder straps, two lap straps and a negative G, strap to provide vertical restraint and prevent 'submarining', has gone a long way to meet these requirements.
General Ergonomics
In the general ergonomic field some of the problems to which attention is currently addressed are as follows:
(1) Controls, instruments and displays: Much can be done to facilitate the pilot's task by careful design of instruments and displays and the control system itself. Flying a helicopter is a two-handed job, but the possibility of making it one-handed is being examined.
(2) Crew complement and workload: Studies of required crew complement for efficient operation in various roles feature highly in early studies of new helicopters. Reductions of crew complement are obviously valuable but rather depend on advances in other areas that will reduce current workloads.
(3) Field of view: Adequate external vision is an important requirement in many helicopter roles. This is another area where current studies are looking for improvements.
(4) All-weather performance: Operation under adverse weather conditions and at night is clearly a great advantage. Several current helicopters have important restrictions in this area and these can limit their usefulness, as, for example, in the search-and-rescue field. Improvements in avionic aids and general handling characteristics are required to achieve all-weather performance.
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Human Factor Aspects of Army Helicopter Operations
Human factor aspects of Army helicopter operations are many and varied, from the environmental to the flight safety, from the ergonomic to the equipment aspects. In the space available only a few will be detailed. However, before discussing these human factor aspects, it is important to have an understanding of the aircraft currently in Army service and the roles in which they are employed. Without this information, it would not be possible to relate the human factor aspect to the task, the environment or the equipment. A brief description of each helicopter therefore follows.
Aircraft
The light observation helicopter is at present the Sioux, which has seats for pilot + 2, can cruise at 70 knots and has 21 hours' endurance. It is being replaced now by the Gazelle, which has seats for pilot + 4, can cruise at 140 knots and has just over 2 hours' endurance. It is a great improvement on the Sioux, and I shall return to it in more detail later.
